Introduction: The sports have great meanings in adult health. The contributions of the practices of physical exercise has been huge.
Introduction
The pectoralis major (PM) is one of the most exercised muscles within the gyms for being considered the most important muscle in the practice of any sport involving the participation of the upper limb, but also for its aesthetic importance in a well defined and bulky chest for men [1] .
This muscle is located in the chest and it has the shape of a triangle, with its internal side inserted into the anterior surface of the sternum, into the clavicle and last ribs. By contracting, it depresses the arm when it is high, and when the arm is depressed, the muscle performs the shoulder protrusion movement, bending the back, and it may also elevate the thoracic cage [2] .
The origin of the pectoralis major muscle is fixed and it performs the adduction and medial rotation of the humerus, whereas its insertion assists in lifting the chest while performing forced inspiration [3] .
The bench press is one of the most used exercises in strength training for the development of the upper trunk musculature, particularly the pectoralis major, deltoid (clavicular part) and triceps brachii muscles. The bench press exercise is very popular, being present in the training of recreational practitioners and athletes from various sports modalities [4] . The aim of the bench press exercise practice in the gyms ranges from therapeutic purposes to muscular hypertrophy, while, in sports modalities, the aim is to improve the performance of muscle strength [5] .
Muscle strength is defined as a tension that a muscle or muscle group can exert against a resistance in a maximum effort at a given speed [6] . For the American College of Sports Medicine (ACSM), muscle strength is the maximum amount of tension that can be generated by a muscle or muscle group in order to perform certain movements [7] .
To measure the strength exerted by a given muscle, there are several devices, among which the Electromyography (EMG) can be highlighted. Through the auxiliary device called load cell, it measures, in kilograms, the mechanical energy imposed by the muscle [8] .
In literature, there are studies involving the practice of physical exercises and the investigation of different positions to improve muscle performance, by measuring the electrical activity through electromyography. However, science still needs other studies to further investigate the information about the relation between muscle recruitment and strength [9] [10] .
Therefore, this study aimed to analyze the muscle strength and the electrical activity of the pectoralis major muscle during the performance of bench press exercise on a machine in horizontal, incline and decline modalities.
was statistically lower compared with the other modalities. Muscle strength was not significantly different between the four modalities of bench press exercise.
Conclusion:
In conclusion, muscle strength and electrical activity of the pectoralis major muscle showed no differences between the bench press modalities, except for the electrical activity of the lower part in incline exercise. 
Methodology
This research refers to a case study, which experimental data were analyzed quantitatively [11] . From the point of view of its purposes, the research is characterized as exploratory, since it aimed to collect data about a particular element, delimiting a field of work which allows its broad and detailed knowledge and mapping the manifestation conditions of this element [12] .
The study was carried out in the Fitness gym belonging to the Integrated Colleges of Patos -FIP, in the city of Patos -PB, during the first semester of 2012, with the permission of the gym coordinator.
The population consisted of students regularly enrolled in undergraduate courses of Physical Therapy and Physical Education of the Integrated Colleges of Patos (PB) -FIP, which were sampled by convenience, totaling 20 male subjects. All subjects underwent a prior cardiovascular, neuromuscular and flexibility evaluation as a condition to attend the gym.
The study included male subjects aged between 18 to 25 years old, with a standard BMI between 20 and 25 Kg/cm 2 , normorreactive, with no history of musculoskeletal injuries of the upper limbs and spine, which have shown no irritability to the electrodes and which were subjected to muscle training for at least three months with a minimum attendance of three and maximum of five times a week.
The sample exclusion criteria were subjects who did not agree to sign the Informed Consent Form, subjects who showed irritation to the electrodes or who presented, on the day of collection, pains that prevented the research and individuals who did not attend the pre-established muscle training during data collection.
This study was developed after being submitted to and approved by the Ethics Committee in Research of the State University of Paraíba -UEPB under the number 1660.0.133.000-11, in accordance with Resolution No. 466/12 of the National Health Council, which rules research ethics directly or indirectly involving human beings [13] .
Data relating to strength were collected by using a load cell, which was calibrated for each research subject using a load of 10 kg and, then, connected to a surface electromyography device, Miotool 400 four-channel system type (Miotec Equipamentos Biomédicos Ltda., Porto Alegre-RS, Brazil) coupled to a laptop computer with 15-inch screen (Compaq computer Corporation, Houston, Texas, USA) and Windows 7 (Microsoft Corporation, NY, USA) operating system. Anthropometric data were analyzed through an analog scale (Balanças Micheletti, São Paulo-SP, Brazil) with integrated measuring tape. The subjects were positioned on the scale platform, back to the stadiometer and with their heads in the Frankfurt plane.
Data were collected through a muscular performance form by electromyographic reading, developed specifically for this research.
In order to perform the exercises, three back pad positions were used: horizontal bench press machine, 30°-declined and 45°-inclined bench press machines (Physicus Equipamentos Esportivos, Auriflama-SP, Brazil), with fixed bar keeping the same hand spacing during the training.
Before attaching the electrodes to the skin of the subjects, the decrease in skin impedance was performed by abrasive disinfection with 70% alcohol in the target region, as well as the trichotomy of individuals with excess hair in this region [14] .
Then, the electrodes were attached on the center of the pectoralis major muscle (MP) on the clavicular, abdominal and sternocostal parts of the right upper limb, following the recommendation by SENIAM (Surface Electromyography for a Non-Invasive Assessment of Muscles) for attaching them (Hermes et al., 2000) , since it is suggested that the electromyographic reading of pectoralis muscle could influence the cardiac activity on the left side.
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The electrodes used were active and self-adhesive disposable electrodes (Maxicor Produtos Médicos, Pinhais-PR, Brazil), composed of adhesive foam, silver rivet (Ag/AgCl), and a cellulose conductive gel which was solid and protected by a PVC foil.
The electrodes were connected to the electromyograph sensor, and this, in turn, was connected to the laptop, in which the capture, amplification, filtering, analysis, quantification, standardization and storage of the electromyographic signal was performed through Miograph 2.0 software (Miotec Equipamentos Biomédicos Ltda., Porto Alegre-RS, Brazil). After collection, the electrodes used were discarded in a specific location.
Data were subjected to a descriptive statistical analysis, observing the mean and standard deviation of each variable studied, using SPSS Statistics 20 for Windows (IBM, New York, NY, USA) software.
Once the data did not show normal distribution according to the Kolmogorov-Smirnov and Shapiro-Wilk tests, we used the nonparametric test for paired samples. The level of significance was set at 5% (p <0.05). Friedman's test and multiple comparisons test were used to compare the measures of variations in the electrical activity in the upper (clavicular part), medium (sternocostal part) and lower fibers in order to evaluate muscle strength between the maximum load in the horizontal bench press exercise with and without lumbar rectification, and in the incline and decline bench press exercises.
Results
In Table 1 , we observe the anthropometric characteristics of the studied sample. The average age of the participants was 23.2 years old, while the average weight was 77.5 kg. The average height was 1.70 m and the average BMI was 25.1 Kg/cm 2 .
The data displayed in Table 2 represent the EMG reading of the pectoralis major, after the normalization of the data obtained during the bench press exercise in its four variations (with and without lumbar rectification, incline and decline positions). The electrical activity was statistically lower in the lower part of the pectoralis major in the incline modality compared with the horizontal (with and without lumbar rectification) and decline modalities. The electrical activity of the clavicular and sternocostal parts of the pectoralis major showed no significant difference in the EMG reading between the four variations of the bench press exercise. Table 3 shows the comparison of electrical activity between the three parts of the pectoralis major for each bench press modality. The electri- cal activity was statistically higher in the clavicular part compared with the sternocostal part in the horizontal bench press with and without lumbar rectification and in the incline bench press. There was no difference between the clavicular and lower parts in the horizontal bench press with and without lumbar rectification and between the sternocostal and lower parts in the incline bench press without lumbar rectification. However, in the decline bench press there was no difference in the electrical activity of the three parts of the pectoralis major. Regarding the strength developed by the pectoralis during Maximal Voluntary Isometric Contraction, no statistically significant differences between the four variations of the bench press exercise were observed. (Table 4) Regarding strength and electromyographic activity, Figure 1 shows a linear relation between the EMG activity of the pectoralis major muscle in the four bench press modalities and the muscle strength in bench press with and without lumbar rectification.
It was found that, as there was a change in the positioning modality, there was a reduction or increase in the maximum strength obtained during the maximal voluntary isometric contraction (muscle strength) produced in incline and decline bench press modalities, respectively.
Discussion
In the literature, we found few studies on pectoralis major muscle and bench press exercise with [15] [16] . The bench press was the exercise chosen in this study since it promotes the myoelectric activation of the pectoralis major muscle [17] According to Rocha Júnior et al [15] both horizontal bench press with barbell and crucifix exercise in the machine can be used in training in order to promote stimuli in the pectoralis major, depending on the availability of materials and/or on the specificity of the motor activity which performance is supposed to be improved. Regarding the upper (clavicular) part of the pectoralis major, no differences in the electrical activity between horizontal, incline and decline bench press modalities were found. These results corroborate the study by Glass and Armstrong [18] in which electromyographic data revealed no significant differences in the activation of the upper part of the pectoralis major between incline and decline bench press. However, in the study by Barnett et al [19] , the clavicular part showed a similar activity for the incline and the horizontal bench press and it showed less activity during the decline bench press. Trebs et al [4] observed that the clavicular part showed a significantly higher activity in the incline bench press compared with the horizontal modality. These differences can be explained by the angle of inclination of the exercise and by the hand spacing adopted in the different studies.
In the current study, no significant differences were observed in the electrical activity in the different modalities of bench press exercise. Divergent results were also cited in the study by Treb et al [4] , in which the activation of the sternocostal part was significantly higher in the incline bench press compared with horizontal bench press, thus showing that the greater the angle of the exercise, the stronger the activation of this part of the muscle.
It was possible to observe a significant difference in the lower part, with lower values of electrical activity in the incline modality when compared with the other ones. Different results were found by Glass and Armstrong [18] according to which there was a significant difference when compared with the lower part of the pectoralis major, which was more activated by the decline bench press. An increase was observed in the electromyographic activity of the clavicular part when compared with the sternocostal part in the horizontal bench press with and without lumbar rectification and in the incline bench press. In the study by Lehman [20] , during the supination grip there was an increased activity in the clavicular part of the pectoralis major. Moreover, from the wider to the narrower grip, the author observed a decrease in the sternoclavicular part. In pronation, the change to a narrower grip did not result in a decrease in the activity of the pectoralis major.
Data collected in the study were related to the right upper limb. According to SENIAM's [21] recommendation, it is suggested that the EMG reading of the pectoralis could influence the cardiac activity on the left side. This fact has limited the comparison of the results with other studies. In the study by Roberts et al [9] , the electromyographic signal of the pectoralis major muscle was analyzed bilaterally in the incline bench press during the concentric and eccentric phases, with external loads of 25%, 50%, 75% and 100% of the maximum load.
Regarding the maximum strength achieved in the bench press exercise during Maximal Voluntary Isometric Contraction (MVIC), no statistically significant difference was found between the four bench press exercise modalities. Divergent results were found by Furtado et al [10] and Penido et al [16] , which found that the decline bench press was the exercise in which the subjects had higher strength rates, followed by horizontal and incline modalities. According to Kubo et al [22] that fact may be due to differences between the joint angle used for the implementation of the isometric test, which can affect muscle length, muscle activation and, consequently, the production of muscle strength.
Regarding the horizontal bench press exercise with lumbar arching, i.e. without rectification of the lumbar lordosis, Delavier [23] stated that this position allowed the individuals to pull up substantially heavier loads, and abdominal (or lower) part of the pectoralis major was the most requested one. On the other hand, the author noted that there was less activation of the lower part of the pectoralis major in exercise performed with the lower limbs up, i.e., with lumbar rectification. This statement contradicts the results found in this study, since the strength capacity showed no statistically significant difference between the horizontal bench press with and without lumbar rectification.
Delavier [23] also said that the horizontal bench press exercise performed with lumbar rectification reduces the effort of the lower pectoral, focusing the effort on the sternocostal and clavicular part. This differs from our results, since the electrical activity of the lower part was statistically similar to the clavicular part one, differing only from the sternocostal part, which showed reduced electrical activity.
According to De Luca [24] , when the volume of the electrode detection is smaller than the crosssectional area of the active muscle, newly recruited motor units located close to the muscle will proportionately contribute with the increase in the electromyographic signal than the muscle strength, resulting in a curvilinear relation between EMG amplitude and strength. On the other hand, when the detection area is closer to the active cross-sectional area of the muscle, this effect will result in a one to one relation between amplitude and strength, producing a linear relation.
Thus, one should be cautious in claiming that a muscle is stronger because it has higher electromyographic activity. Potney and Roy [25] reported that the electrical activity may be altered by the position of the electrodes, if a displacement of the electrodes occurs through the skin; by the type of contraction and speed of movement which will affect the level of electromyographic activity recorded; and especially when comparisons are made between isometric exercises performed at different joint angles.
It is important to emphasize that several studies have been conducted in order to compare the pectoralis major muscle, the anterior deltoid and triceps brachii, showing the joint action while performing the bench press exercise [17, 20] . However, in this study, which aim was to evaluate only the strength and electrical activity of the pectoralis major, it was not possible to determine the influence of the anterior deltoid and triceps brachii muscles in the electromyographic activity and in the muscle strength exerted during the bench press exercise, due to the fact that they were not monitored in the experimental stage.
Another point to be considered is the grip on the bar and the hand spacing, since in this study all subjects were in prone position with their hands on the bar in a fixed position. As no comparison between different positions and hand distances were made, the results could be possibly different from those found in this study.
Conclusion
The electrical activity of the clavicular, sternocostal and lower parts of the pectoralis major muscle showed no statistically significant differences between the different modalities of bench press exercise, except for the lower part in the incline bench press exercise, which was significantly lower when compared with horizontal bench press with and without lumbar rectification and compared with decline bench press. The electrical activity of the clavicular part was significantly higher when compared with the sternocostal part in the horizontal bench press with and without lumbar rectification and also in the incline bench press, and it was similar when compared to the lower part in the horizontal bench press with and without lumbar rectification and also in the decline bench press. The muscle strength of the pectoralis major showed no significant difference between the horizontal bench press exercise with and without lumbar rectification and the incline and decline modalities.
